Background: Hilar cholangiocarcinomas are malignant tumors with a poor prognosis. An early prediction of prognosis for patients may help us determine treatment strategies. Aquaporin 1 is a cell membrane channel involved in water transport, cell motility, and proliferation. Increasing evidences showed that aquaporin 1 played a role in tumor prognosis and diagnosis. The purpose of this study is to evaluate the role of aquaporin 1 in hilar cholangiocarcinoma. Methods: Here, we analyzed messenger RNA expression data of genes function as bile secretion in a data set of 169 samples using the R2 bioinformatic platform (http://r2.amc.nl). Quantitative polymerase chain reaction was performed to verify the gene expression in 17 hilar cholangiocarcinoma samples. Immunohistochemistry was also performed in a series of specimens from 62 hilar cholangiocarcinoma tissues, and its clinical significance was assessed by clinical correlation and Kaplan-Meier analyses. Results: All data were analyzed using the R2 web application, aquaporin 1 was selected for further analysis. The significant expression variation of aquaporin 1 among 17 cases with cholangiocarcinoma was also found using quantitative polymerase chain reaction. The expression level of aquaporin 1 protein significantly correlated with tumor-node-metastasis stage (P ¼ .002) and overall survival time (P ¼ .010). Higher aquaporin 1 expression indicated poor prognostic outcomes (P <.05, log-rank test). Multivariate analysis also showed strong aquaporin 1 protein expression was an independent adverse prognosticator in hilar cholangiocarcinoma (P ¼ .002). Conclusion: This study highlighted the prognostic value of aquaporin 1 in hilar cholangiocarcinoma. Strong aquaporin 1 expression predicts poor survival, regardless of pathological features. Immunohistochemical detection of aquaporin 1, as a prognostic marker, may contribute to predicting clinical outcome for patients with hilar cholangiocarcinoma.
Introduction
Cholangiocarcinoma is a progressively fatal disease that generally occurs due to malignant transformation of hepatic biliary cholangiocytes. 1 It is most frequently found in the confluence of the hepatic ducts, where it is called hilar cholangiocarcinoma (hilCC). Hilar cholangiocarcinoma was first described by Altemeier and Klatskin approximately 50 years ago and comprises over 60% of all cholangiocarcinomas. [2] [3] [4] The prognosis for hilCC is generally poor, with long-term as well as short-term survival almost exclusively depending on the feasibility of surgical resection. 1 Except for principal prognostic factors such as tumor stage and histological grade, new prognostic parameters, including clinical, laboratory, and biomolecular factors, have long been desired to provide additional predictive value in clinical practice. 5 The aquaporins (AQPs) are small, integral membrane proteins that selectively transport water and other compounds including ions, gases, and small organic compounds across cell plasma membranes. Discoveries of AQPs involvement in cell migration and proliferation suggested that they play key roles in tumor biology. 6 The AQP1, an important member of AQP family, is shown to be strongly expressed in tumor cells of different human origins, such as brain tumors, 7 lung adenocarcinoma, 8 laryngeal cancer, 9 and cholangiocarcinoma. 10 Aquaporin 1 plays a role in tumor angiogenesis, 11, 12 cell migration, 13, 14 extravasation, and metastasis. 14, 15 Recent evidence indicated that AQP1 was an independent prognostic factor in advanced colon cancer 16 and pleural malignant mesothelioma. 17 Moreover, clinical diagnosis value in renal cell carcinoma was shown. 18 The goal of this study is to assess the clinical significance of AQP1 in human hilCC, which assists in early identification of a high-risk subset of the patients.
Material and Methods

Patients and Tissue Specimens
After receiving approval from the institutional review board, we searched the patient data bank at The 1st Hospital of Harbin Medical University (Harbin, China) to identify all consecutive patients who underwent operative treatment for hilCC between January 1987 and May 2002. The patients who died within 1 month of the initial surgery were excluded. To eliminate treatment bias, the patients who underwent chemotherapy or radiotherapy both at pre-and postoperation were excluded.
All specimens examined were taken from vital cores of histopathologically confirmed cancers at primary surgery. Tumor samples were reviewed by at least 2 experienced pathologists, and tumor stage was assigned on the basis of system of the International Union Against Cancer.
For the survival analysis, overall survival (OS) was defined as the time from the date of diagnosis of liver malignant to the date of patient death or last follow-up.
Bioinformatics
All data were analyzed using the R2 web application, which is publicly available at http://r2.amc.nl. In R2, a large amount of data sets are available for analysis. We performed a search (last search: March 22, 2015) to identify data sets related to the identification of gene expression pertaining to cholangiocarcinoma.
Messenger RNA Analysis by Quantitative Polymerase Chain Reaction
Total RNA was extracted from frozen tissues using an RNeasy Mini Kit (Qiagen GmbH, Germany) according to the manufacturer's protocol. The first strand of complementary DNA was synthesized from total RNA using oligo-dT primer and Avian Myeloblastosis Virus (AMV) reverse transcriptase according to the manufacturer's instructions (Takara, Otsu, Shiga, Japan).
The specific primers to AQP1 were designed as follows:
0 (reverse primer). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as the internal control. GAPDH primers were as follows:
0 (reverse primer). The method of quantitative polymerase chain reaction (qPCR) was described previously. 19 
Immunohistochemistry
Archival hematoxylin and eosin-stained slides were reviewed by 2 experienced pathologists in accordance with the 2000 World Health Organization classification. A 3-tiered histologic grading system was applied. The tumor-node-metastasis (TNM) stage was evaluated according to the 2002 International Union Against Cancer classification.
A monoclonal mouse antihuman AQP1 antibody was obtained from Santa Cruz Biotechnology, Santa Cruz, California. Sections from archival paraffin blocks were deparaffinized and heated twice for 10 minutes each before exposure to the first antibodies. Immunoperoxidase staining was carried out using the 2-step Envision Method (DAKO, Glostrup, Denmark) according to the manufacturer's instructions and visualized with 3,3 9-diaminobenzidine tetrachloride (Sigma, St Louis, Missouri).
Cytoplasm and membrane staining were measured for this antibody. Positive cells were counted by 2 pathologists who were blind to clinical outcome. For clinicopathological correlation, we used a 4-tiered scoring system (negative to 3 þ), which took into account the percentage of positive cells and staining intensity as described previously. 20 
Statistical Analysis
We used the SPSS version13.0 for statistical analysis. The differences between groups were determined using the MannWhitney U test or the Kruskal-Wallis H test. The association among categorical data was analyzed using the w 2 test. Survival curves were generated by the Kaplan-Meier method, and univariate survival distributions were compared with the use of the log-rank test. The multivariate Cox proportional hazards model was used for detection of independent prognosticator. The 2-tailed P value for significance was established at .05.
Results
Characteristics of the Study Population
A total of 62 hilCC specimens underwent operation for hilCC were collected. Of them, both fresh and paraffin-embedded samples could be obtained from 17 patients. The mean patient age was 66.2 years (range, 28-76 years). Of the patients, 26 were female and 36 were male. All patients underwent curative resection with tumor-free margins. Pathological, demographic, and survival data of the patients were retrieved from the files of the pathology department in our hospital. All tumors were histologically diagnosed, graded, and grouped as lowly and moderately differentiated (n ¼ 35) or highly differentiated (n ¼ 27). The follow-up interval ranged from 1 to 60 months from the date of surgery. Informed consent was obtained for all patients.
AQP1 Was Selected for Further Analysis as a Candidate Gene
R2 is a web-based collection of bioinformatic applications designed for the analysis of gene expression and genomic data derived from various microarray platforms. 21 It is possible to view the differential expression of genes in a user-defined panel of data set. We selected the GEO ID: GSE26566 data set, which aimed to construct molecular classification of cholangiocarcinoma, to identify the prognostic markers for hilCC patients. Considering the normal physiological dysfunction due to cancer, we investigated the expression aberrations of genes involved in the bile secretion. Fifty-two aberrant genes were distinguishable from matched noncancerous tissues ( Figure  1A ). Among these genes, we found that the variation of AQP1 expression in different cholangiocarcinoma samples was significant ( Figure 1B) . We speculated that it may be related to the clinical and pathological features of patients. To validate this finding, qPCR was performed in 17 fresh tissues, and the conclusion was confirmed ( Figure 1C ).
Correlation Between AQP1 Protein Expression and Clinicopathological Features
Positive staining was observed primarily in the cytoplasm and membrane of the cancer cells. Immunostaining of AQP1 protein was low (À and 1þ; Figure 2B , E, and F) in some samples but strong (2þ and 3þ; Figure 2A , C, and D) in others. Analysis of AQP1 expression in the 62 hilCC tissues revealed that 71% of samples demonstrating strong intensities and 29% low intensities.
No significant differences were observed regarding age, sex, histologic grading, lymphovascular, and perineural invasion. However, the OS rate was significantly different in patients with strong AQP1 protein expression than in those with low expression (P ¼ .010), and AQP1 expression was significantly associated with TNM stage (P ¼ .002). Table 1 showed the relations between clinicopathological features and AQP1 protein expression in 62 samples.
AQP1 Protein Expression and the OS Time
Univariate analysis by Kaplan-Meier plots revealed that strong AQP1 expression was significantly associated with unfavorable OS (P ¼ .0014, log-rank test). Kaplan-Meier curves did not show any survival differences in hilCC indicated by other parameters, including sex, age, and tumor grading. However, survival distributions were significantly different in patients with hilCC of different TNM stage. A characteristic plot AQP1 expression is shown in Figure 3 . Multivariate Cox analysis indicated that TNM stage (P < .001) and AQP1 expression (P ¼ .002) were independent variables. Tumor-nodemetastasis stage III or IV and strong AQP1 expression were associated with adverse OS (Table 2) .
Discussion
In the present study, we investigated the R2 bioinformatic platform to screen the aberrant genes related to hilCC. Aquaporin 1 Figure 3 . Kaplan-Meier curve of patients in the strong aquaporin 1 (AQP1) expresser and the low ones. The significance of the Kaplan-Meier curve is shown in the figure and was calculated using a log-rank test.
was selected for further analysis as our target because of the obvious expression variation in cancer samples. To the best of our knowledge, the clinicopathological significance of AQP1 has not been fully studied in hilCC. We examined the messenger RNA expression of AQP1 in hilCC samples using qPCR to verify the results. Subsequently, we measured AQP1 expression in a total of 62 hilCC by immunohistochemistry and examined the detailed relationships between the protein expression levels and clinicopathological factors as well as patient outcomes. The prognosis of patients with hilCC is poor, and the survival rate reported so far describes a very limited life expectancy. The prognosis of hilCC has not been improved significantly during the past several decades. The TNM staging is an admitted parameter to predict the prognosis of malignant tumors. However, it is not sufficient to differentiate the likelihood of survival in the same stage cases. Therefore, it is important to identify molecular biomarkers for prognosis or novel targets for intervention. Although the P27, laminin-g2, and MTSS1 have been reported as prognostic markers for cholangiocarcinoma, [22] [23] [24] [25] most of the proposed biological prognostic parameters have not proven reliable enough to be systematically adopted in clinical practice. 10, [26] [27] [28] [29] [30] Aquaporin 1 has been reported as a highly selective marker for the diagnosis of cholangiocarcinoma in previous studies, 10, 31 and we evaluated its significance as a potential prognostic marker for hilCC in this study.
Aquaporin 1 is a membrane transport protein that assembles in membranes act primarily as a water-selective pore, facilitating osmotically driven water transport across cell plasma membranes. 26, 30 The level of AQP1 expression has also been found to have significance in tumors. High AQP1 expression has been shown as an independent predictive value for poor outcome. 16, 17, 24 Aquaporin 1-expressing tumor cells were also showed increased plasma membrane osmotic water permeability and accelerated migration. 13 In our series of 62 hilCC, proportional hazard regression analysis (Table 2) showed that AQP1 expression was an independent significant predictor of survival (P < .01). Pathological parameters, such as vascular, perineural invasion, lymph node involvement, and tumor grade all failed to correlate with outcome, whereas TNM stage do have prognostic value in hilCCs. We suggested that AQP1 should be a marker in prognosis of hilCC. However, AQP1 is also involved in tumor angiogenesis, 11,12 the tumor has not been microdissected in our study, so we must make this conclusion with caution.
In our study, we showed that high AQP1 expresser with hilCC have poor survivals. Experimental results from AQP1-null mice also greatly showed reduced tumor growth and improved survival (compared with wild-type mice) when implanted subcutaneously with tumor cells, 9 and in vitro studies indicated the same results. 16, 17, 24 A possible reason is that AQP1 in tumor cells allow water to rapidly penetrate into the growing tumor mass and tumor AQP1 expression may thus cause tumor expansion by exacerbating tumor-associated edema that might be correlated with poor prognosis. In this clinical survey on AQP1 expression in vitro, we found strong AQP1 expression is an independent indicator for an adverse prognosis in hilCC. These results imply that AQP1 could also be a potential therapeutic target in hilCC. However, more studies on this gene will need to be done in future to assess longterm oncological outcomes for hilCC treatment.
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